Introduction
Climate-induced changes in the volume and erosive power of precipitation is the most important effect of global climate change on soil erosion and surface runoff (Nearing, 2001) . Greater frequency and intensity of extreme weather events have been observed in the last decades due to the climate change (Milly et al., 2002; SWCS, 2003) . One of the direct consequences of those extreme events on agricultural land is the acceleration of topsoil loss, which leads to soil degradation and pollutant transport from the field. A linearly increase of the amount of daily precipitation by 5% or 10% could increase soil erosion by 10.7% and 35.6%, respectively (Savabi et al., 1993) . In addition, the risk of gully erosion and stream channel erosion are also increased during the extreme events. Consequently, a more severe and lasting damage to soil and water resources can be caused from these forms of erosion, which require more intensive and costly conservation treatments (SWCS, 2003) .
Soil erosion from cropland can be reduced by the implementation of conservation management practices, such as reduced tillage, crop rotation, residue management, vegetative filter strips, terraces, and grassed waterways (Baker et al., 2006) . In current practice, the mean annual sediment yield over a long period has often been used to act as a targeted goal for the design and implementation of conservation systems. However, agricultural systems are more vulnerable to the effects of extreme climate events (Philpott, 2008) , which usually largely contribute to erosion and sediment transport while the majority of the rainstorms play only a minor role (Coppus and Imeson, 2002) . Therefore, conservation practices should be designed and implemented to resist the effects of extreme events of some designated return period, rather than the average annual events (Larson et al., 1997) .
With the extreme precipitation events in 2008 there is a need to review and estimate the performance of conservation practices. In this study, we used the Water Erosion Prediction Project (WEPP) model to simulate soil erosion with various tillage systems and conservation practices, and assess their performance in reducing sediment export from the extreme precipitation events.
Material and methods

Site description
Two farms in northeast Iowa were selected to investigate the impact of conservation practices on soil erosion from extreme storm events. One farm (site l) was located in Winneshiek County, which had a 9% slope. The other farm (site 2) located in Delaware County had a 1. 7% slope. The sizes of both farms were about 300 acres. The predominant soils were Downs silt loam and Clyde silty clay loam for sites 1 and 2, respectively.
WEPP model description
The Water Erosion Prediction Project (WEPP) model (version 2006.5) was used to simulate soil erosion and sediment yield (Nearing et al., 1989) . The WEPP model is a process-based erosion prediction model for soil loss and sediment deposition for small watersheds and hillslopes. Many processes related to soil erosion are integrated in the WEPP model, including rill and interrill erosion, infiltration, percolation, sediment transport and deposition, surface runoff, residue and canopy effects, tillage effects, and evapotranspiration.
Four main data inputs are required by the WEPP model: climate, topography, soil and management. The climate generator, CLIGEN, was used to create the 50-year climate files for each study site. The historical weather data from the City of Decorah in Winneshiek County was used to create the climate input file for site 1, and the weather data from the City of Oelwein in Fayette County was used to create the climate input file for site 2.
The simulations were performed in the Watershed mode. Each site was subdivided into three sub-areas (hillslopes) using the GeoWEPP, which is a geospatial interface for the WEPP model (Renschler, 2003) . The slopes of each hillslope were derived from the 30-m digital elevation data. In the simulations, flow channels were naturally eroded and had the same field management as the rest of the field , unless specified otherwise.
WEPP default values were used for tillage and crop management parameters. Five tillage systems were simulated in this study, including no-tillage (NT) , strip-tillage (ST), disk-tillage (DT), chiselplow (CP), and moldboard plow (MP). NT had no soil or crop residue disturbance except for that occurring during planting. ST prepared narrow rows for seed bed after soybean harvest in the fall while no-till was used after corn harvest. DT included a disking after corn harvest in the fall and field cultivating for both corn and soybean in the spring. CP consisted of chisel operation after corn harvest in the fall and field cultivating for both corn and soybean in the spring before planting. In MP, cornstalks were plowed with a moldboard plow in the spring before planting soybean, and soybean stubble was disked in the spring in preparation for corn planting.
For NT and CP, three additional erosion control structures were simulated: grassed waterways (GW), grass filter strips (FS) , and terraces (I ). Grassed waterways had a triangular shape with perennial grasses and a width of 3 ft. In FS simulation, a portion of row-cropped field was replaced with perennial grass at the bottom of each hillslope. The length of filter strips was 10% of the slope length. In terrace simulation, parallel narrow-base terraces had a width of 2. 7 m and a uniform gradient of 0.5 %, with a horizontal spacing of 30m. The same field management was applied for the terrace as for the rest of the field.
Return period analysis
The return period analysis implemented in the WEPP model was used to estimate the magnitudes of surface runoff and sediment yield during the extreme events (2-year, 5-year, 10-year, 20-year and 25-years events) under different tillage systems and erosion control structures. The return period is the average elapsed time between occurrences of an event (e.g. rainfall, runoff, sediment yield) with a certain magnitude or greater (Haan, 1977) . Over a long period of time, for example, a 10-year event has a probability of 10% of being equaled or exceeded in any one year.
Results and discussion
Impact of tillage systems on annual sediment yield
The predicted mean annual sediment yields under various tillage systems were summarized in Table 1 for both study sites. As expected, more tillage produced greater sediment yield because of the less field residue cover. No-tillage and strip-tillage systems had much lower sediment yields than the other three tillage systems.
The steepness of slopes had significant impact on soil erosion. The simulation results showed that the site with greater slope (9%) (site 1) had much higher annual sediment yield than the site with 1.7% slope (site 2) ( Table 1 ). Site 1 also had higher sediment delivery ratios (the ratio of sediment yield to the total sediment eroded) than site 2, regardless of the tillage systems. Due to its steep slope, even the no-tillage system had a higher annual sediment yield (6.8 tlacre) than the commonly-used target value (5 tlacre). Therefore, additional conservation structures may need to be adopted in this site (e.g. filter strips, terraces, etc). 
Impact of tillage systems on sediment yield during extreme precipitation events
The simulation results showed that large precipitation events would lead to much greater surface runoff volumes and soil erosion rates regardless of tillage system. For example, the surface runoff of a disk-tillage system was estimated to be about 1.9 inches for a 2-year event and 4.6 inches for a 25-year event. Likewise, the sediment yield of a disk tillage system was estimated to be 12.5 and 46.9 tlacre for a 2-year and 25-year event, respectively (Table 2 ).
There was only slight difference in surface runoff among different tillage systems for simulated extreme events. However, a reduced tillage system, such as no-tillage or strip-tillage could greatly reduce soil erosion and sediment yield during the extreme events. The effect of reduced tillage systems on sediment reduction was even more evident for the events with longer return period, i.e. larger precipitation events. For example, the sediment yield in the simulated no-tillage system was reduced by about 14 t/acre and 62 tlacre during a 2-year and 25-year event, respectively, compared to the moldboard plow tillage system (Table 2) . 
Performance of erosion control structures during extreme precipitation events
For a n o-till system, grassed waterways showed relatively small impacts on sediment reduction during extreme events (Figures l and 2 ). This is likely because the high-percentage field residue cover from a no-tillage system has already greatly reduced the sediment load in surface runoff before the water enters into the flow channels. Note that an extreme sediment event of a specific return period with or without grassed waterways implemented, may not necessarily respond to the same precipitation event. That could cause a slightly greater simulated sediment yield under a no-tillage system with grassed waterways due to the relatively narrow range of sediment yield, for a given return period. For a chisel-plow system, on the other hand, grassed waterways reduced sediment yield to a great extent at both study sites, especially during the 10, 20, and 25 year return periods (Figures l and 2 ). Similar to grassed waterways, grass filter strips greatly reduced sediment yield with a chisel-plow tillage system, but had relatively small impacts on sediment yield with a no-tillage system from the extreme events (Figures 3 and 4) . Comparing to the results from site 2, the effect of filter strips on trapping sediment at site l during the extreme events was greater because of the higher sediment loading in surface runoff at steep site l. Terraces were effective in sediment reduction at the steeper site l with both the no-tillage and chisel-plow systems ( Figure 5 ). The increases of sediment yield during some extreme events with a no-tillage system at site 2 might be because the inter-rill flow and erosion are more critical than rill erosion for a no-tillage system ( Figure 6 ). As a result , the WEPP model did not do a good job in simulating the impact of terraces by reducing slope length for a no-tillage system, especially for flat areas, but overall there were relatively low levels of simulated soil erosion at site 2.
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Conclusions
The performance of conservation practices during extreme precipitation events is very critical to assessing their effectiveness on soil erosion control. The return period analysis from the WEPP model simulation showed that reduced tillage systems can greatly reduce soil erosion and sediment yield by increasing field residue cover during extreme events. Additional erosion control structures (grassed waterways, filter strips and terraces) were very effective in reducing sediment yield from extreme events for croplands with a high soil loss potential, such as steep slopes, intense tillage, or highly erodible soils.
